Objective: To study the effect of the environment-inhospital vs out-patient situation-on blood pressure as measured by ambulatory blood pressure monitoring (ABPM). Patients and methods: Twenty-four hour ABPM was performed sequentially in-hospital and again 9 ± 3 days later on an out-patient basis, in 30 consecutive heart transplant recipients (27 men, median age 56 years, median time post-transplant 3 years). The same equipment was used on both occasions, without any interim change in medical treatment. Results: Both systolic and diastolic blood pressure were higher in-hospital than as an out-patient: +7 ± 7 and +6 ± 5 mm Hg respectively for the 24-h average (P Ͻ 0.001). Daytime and night-time pressures were
Introduction
Arterial hypertension is a common problem in organ transplant recipients treated with cyclosporin. 1 An accurate method to assess the indication for, and adequacy of, an antihypertensive treatment is much needed. Conventional blood pressure measurements in heart transplant patients have a number of drawbacks that enhance the appeal of 24-h ambulatory blood pressure monitoring (ABPM) as an alternative. Besides circumventing the 'white coat effect' this technique, eg, allows to record the frequent loss of the normal nocturnal blood pressure decline in these patients and to measure its contribution to the total hypertensive burden. ABPM on the other hand may pose logistical problems, especially in patients who live at a distance from the transplant centre, since it requires at least one additional out-patient visit. A convenient compromise therefore would be an ABPM obtained during a routinely scheduled annual in-hospital check-up. It is unknown howCorrespondence: Dr J Vanhaecke, Department of Cardiology, University Hospital Gasthuisberg, Herestraat 49, B-3000 Leuven, Belgium Received 17 August 1998; revised and accepted 17 November 1998 affected similarly. Depending on the specific cut-off values used, 37 to 87% of the individual patients were hypertensive in-hospital; 31 to 73% of these had an acceptable blood pressure as an out-patient. The converse was very rare (0 to 3% of the total group). Conclusions: In heart transplant patients blood pressure as assessed from 24-h ABPM is lower in the home environment than during a hospital stay. The post-transplant attenuation of the circadian variation in blood pressure is not influenced by the environment. Checking an unsatisfactory in-hospital ABPM with an outpatient recording may obviate the need for an (intensified) antihypertensive treatment in a substantial number of patients.
ever, whether ABPM values obtained in-hospital differ from those obtained in the home environment.
This study thus examines the hypothesis that the in-patient status significantly affects blood pressure as measured by ABPM.
Materials and methods
Duplicate ABPM was performed in 30 consecutive consenting heart transplant recipients. Their median age was 56 years (range 16-70), 27 were men and the median time post-transplant was 3 years (range 1-6). Twenty-two patients (78%) were on antihypertensive drugs (calcium channel blockers, angiotensin-converting enzyme inhibitors, or both). All patients were in a stable condition without evidence of acute rejection, heart failure or hypertensive emergency.
The first ABPM was obtained in-hospital, on the first day of a routine annual 3-day hospital stay for check-up including coronary angiography. No invasive procedures were performed during ABPM. The patients were ambulatory during daytime and went for examinations such as ECG, chest X-ray and echocardiography; they were familiar with these examinations and with the hospital surroundings. The second ABPM was obtained 9 ± 3 days later, on an out-patient basis. The very same equipment was 
h Daytime Night-time
In-hospital* 137 ± 12/93 ± 7 140 ± 12/95 ± 7 131 ± 13/88 ± 11 Out-patient 130 ± 11/87 ± 7 132 ± 11/89 ± 7 124 ± 12/81 ± 9 *In-hospital vs out-patient: all P values р0.001.
used on both occasions (cuff and oscillometric Space-Labs 90207 recorder, WA, USA), without any interim change in the medical treatment, which had been unchanged during the month prior to the first recording as well. Blood pressure was measured every 15 min from 8.00 am until 10.00 pm and every 30 min during the night. For purposes of analysis 'daytime' ran from noon (after hospital admission in the morning) until 9.00 pm and 'night-time' from midnight until 6.00 am.
In comparing the results a paired Student's twotailed t-test was used; values are expressed as mean ± s.d.
Results
The average 24-h systolic and diastolic blood pressure, as obtained by ABPM, is 7 ± 7 and 6 ± 5 mm Hg lower, respectively, on the out-patient recording as compared to the in-hospital measurement (Table 1) . Both daytime and night-time blood pressures are lower in the out-patient setting, and the magnitude of the nocturnal dip is similar in both settings: −9 ± 9/−7 ± 8 mm Hg and −8 ± 10/−8 ± 8 mm Hg respectively. An illustrative case is shown in Figure 1 .
Depending on specific cut-off values used, 37 to 87% (11/30 to 26/30) of the individual patients had an in-hospital reading that was 'too high' ( Table 2) . Using the same cut-off values, between 31 and 73% (8/26 and 8/11) of these, representing 23 to 40% (7/30 to 12/30) of the whole group had an 'accept- Figure 1 Sequential 24 h blood pressure measurements (9 days interval) in a 32-year-old man, 1 year after heart transplantation. The time scale is on the horizontal axis, the blood pressure in mm Hg on the vertical axis. The average 24 h, daytime and night-time values are given in mm Hg. 2 able' blood pressure on their out-patient ABPM. The converse, ie, an acceptable blood pressure in-hospital and hypertension as an out-patient was found in only one patient.
Comparing the patients on antihypertensive medication (n = 22) to those without such medication (n = 8), the effect of the recording environment was significant only in the group on antihypertensive medication, although in the other group a similar trend was present (Table 3) .
Discussion
This study does not address the prevalence of arterial hypertension after heart transplantation, nor the quality of blood pressure control under antihypertensive treatment or the changes in the circadian rhythm of blood pressure in this population. The subject of scrutiny is one aspect in the use of 24-h 201 Table 3 Differences in 24 h ABPM in-hospital vs as an outpatient, according to the intake of antihypertensive medication
h Daytime Night-time
Patients on antihypertensive on medication (n = 22)* In-hospital 139 ± 11/94 ± 6 141 ± 11/96 ± 6 133 ± 13/90 ± 10 Out-patient 131 ± 10/88 ± 7 133 ± 10/90 ± 7 124 ± 11/81 ± 7
Patients not on antihypertensive medication (n = 8) In-hospital 133 ± 13/89 ± 9 136 ± 12/92 ± 7 126 ± 13/82 ± 11 Out-patient 129 ± 15/86 ± 10 129 ± 14/87 ± 8 125 ± 16/81 ± 14 *In-hospital vs out-patient: all P values in this group р0.001.
ABPM as a tool to investigate the above-mentioned phenomena, namely the influence of the recording environment. Although to some extent in-hospital ABPM seems intrinsically illogical, practical considerations may lead to its clinical use. To our knowledge, direct comparison of in-hospital and out-patient ABPM has not previously been performed. A limitation in the design of this study is that for practical reasons the sequence of the recordings was not randomised, ie, the in-hospital ABPM was always obtained first. However, in view of the available data on group test repeatability with ABPM, 3 a possible bias by order-effect in this study should be small in comparison to the difference we found between in-hospital and out-patient recordings.
It appears that the circumstances under which a 24-h ABPM is obtained, ie, in-hospital or as an outpatient, have a significant influence on the result of the test. This is not altogether unexpected, since it is well known that conventionally measured blood pressure is higher in the hospital than at home, 4 and there have been indirect indications of an effect of the hospital environment on ABPM. 5 Thus, 24-h ABPM does not remedy some of the shortcomings of conventional blood pressure measurements. While one may intuitively expect a higher in-hospital daytime blood pressure as some kind of equivalent to the 'white coat' effect on office blood pressure readings, the magnitude of the difference we found, its consistency and the finding of a similar effect on night-time blood pressure were somewhat less expected. We can only speculate on the mechanisms underlying these differences. The fact that the inhospital ABPM was obtained on the first day of hospitalisation may have increased the difference between the two recordings, since it has been shown that conventionally measured blood pressure decreases from the first to the last day of a hospital stay. 6 The similarity in the average nocturnal blood pressure dip between the in-hospital and out-patient measurements (−9/−7 and −8/−8 mm Hg respectively) suggests that the environment has little or no influence on the circadian variation in blood pressure in this population. The normal nocturnal blood pressure decline has been reported to be attenuated or abolished after heart transplantation, [7] [8] [9] although the diurnal rhythm may be restored after a variable period of time and to a variable extent in some patients.
10,11 It is therefore not surprising to find in the present study population an average nocturnal dip which is less than that in a general population of normotensives (−16/−14 mm Hg) or hypertensives (−19/−14 mm Hg). 12 From a practical point of view, this study demonstrates the need to take into account the environmental setting of a 24-h ABPM when interpreting the test result. Using several arbitrary thresholds that are-rightly or wrongly-popular in routine daily practice, as well as the criteria that were recently defined from large scale population trials, 2 we found in this study group of heart transplant recipients a significant proportion of those who were labelled 'hypertensive' after their in-hospital ABPM, to have acceptable blood pressure readings in their home environment. At this point we do not know whether these people are at a greater risk for hypertensive complications than their counterparts who have normotensive readings both in and out of the hospital. Therefore, and because these patients are already on a multi-drug maintenance regimen and prone to potentially hazardous drug interactions, we elected to start or increase the antihypertensive medication only when the out-patient ABPM gave unacceptable readings. Checking an unsatisfactory in-hospital ABPM with an out-patient recording thus obviated the need for an (intensified) antihypertensive treatment in a substantial number of patients. On the other hand, in the event of a normotensive in-hospital reading, there is reasonable certainty about the blood pressure control in the home environment and a second ABPM is not necessary.
Subgroup analysis is not very meaningful in this limited group of patients. We cannot be certain that the general findings are true for both genders, for all age groups and at all times after heart transplantation. The effect seems more pronounced in people who are already on antihypertensive medication.
It is also unclear whether our results can be extrapolated to other patient populations and to the population at large. When assessing the efficacy of an antihypertensive therapy however, it would seem prudent not to compare a 24-h ABPM obtained inhospital, eg, as part of an initial work-up, with a subsequent out-patient recording.
